201441

7SO AR VI =

LHENE R

doi:10.6041/j. issn. 1000-1298.2014.01. 015

H A E 5 X iR

# F

w5 g

it 2R 1 BE BRI 2 M

B B! T’

(1. B A M M s e S AT 78 BT, B A0 2100285 2. iU TR ~2 3058 2 e, i 430063)

T T AR BT R b O R A R B B T A R R TR T B R O A ML X R R R AR RE R AT Y . S
T =ou R EE e BR AV, r 78 Rl 2 5 1] b i S B S A 2 A 4 2 AR B R A R R A
[l BTt T2 2 5 3 A Y 3 NIRRT A o 2 T H U 1Y Navier — Stokes J5 72 \SST Ji i B B fl 2 2 7%
AR ARG X R P I R AT RN, X0 TR A SR s A (I T G R T e T Y R 0 0 A LR AT L AR
oMo BRI ¢ 3 T A AR v (H S R 22, 3 U R SRR R IE A A S5 TR 1 FR AR A0 AR I =0 S By

T BEA A M P AN T - g Ak ) i
REW:RMA i HMOERE BEEL =
hE 55 ES: TH313 XEKARIRAD: A

51

TR T MOR B 1Z M BN F T ARk A==
IR AL R A T A 15 8 0 % I B U SR AR L, 38 A R
3 R (S R (LI N DE R IE3 s
SR AT X IR A A R T AR
A B2 BT AR M58 BT 5 U PR i AR
SR A S B RE AL, AL B 3T 5 72 o
M 3o A 2 R 5 B3 IEC DA B PR RE I R A1 7 it A
AT 5E A GE WL ARGE o BEBY B, Bt A B Ve /Y
oy AT LA B A 2 0 TE AR R BRI 2 1R A g
KENBITEOR

D T B i A A AP R R IR B A R AR
JE AR BT R RV, e 5 g3 AR X R I
RAERESL WA TE . SCH LLHLHF AL n, = 449 19IR R
TR BT g ), A 45 i TR E AR A S
W2 O B AT T, R AN TR A 3R Ve o A
BB T 3 B AR I P B A RO
B, LRI BTt R B Ve 23 A LA RS R A 5K
AR Y R Rl T SR 3 A R R Y R
M

1 HeHARESHERTER

MR =00 R I HE A AR T FE A P R
ghFssE TR E ELAS AT R 4 09 B2 AT T, J8 3L T
1 = 4k 378 30 73 A S JE 1) 7 2493 3h A 1) bk s R Sl

il

Wi H I 2013 -03 20 & [A H Y : 2013 —04 —28
= [H 58 B ARFL A SR A BB H (51009142)

o 20 394 TR T S S TR T R P AR 0 T 94 Y S e bR

X EHS: 1000-1298(2014)01-0089-05

V25 A ) W s RTINS T SN DR K AV =) WA 70 DR (DA E I8
W B R LA 2 3 3l i 5 2 A T kAR

A IR ESHC TR Q =0.57 m/s,
A H=34.7 m, 5% n=2330 v/min, L n, =
449 . AEM BT ak R v TR B4R E DT A5

(1) %8 o Bl w46 B, AL R 3 R A ARy
HE N SO A A RS R 1 R L i
HAR D, =266 mm, i [T H AR D, =334 mm,

22222

N4

1

Fig.1 Sketch of impeller meridional channel
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Fig.3 Circulation distribution at impeller exit
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Fig.4 Calculation mesh of the impeller
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Fig.6 Calculated values of pump efficiency
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Fig.7 Cavitation region of blade surface under

designed working condition
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Fig. 8 Pressure distributions at blade tip
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Fig. 10  Total pressure distribution at impeller exit
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Effects of Exit Circulation Distribution on Performances of
Mixed-flow Pump

Chang Shuping'  Shi Yanfeng' Zhou Chen' Ding Jiangming’
(1. Research Institute on the Demonstration and Approval of Military Vehicle and Water Craft
Equipment, General Armament ,Nanjing 210028, China
2. School of Transportation, Wuhan University of Technology, Wuhan 430063, China)

Abstract: In order to improve controllability of mixed-flow pump performances during the design process,
effects of exit circulation distribution on design of mixed-flow pump impeller were researched. Based on
three-dimensional inverse design theory, the meridional derivative of circulation V,r was chosen for the
control parameter of blade loading distributions. Three impellers were designed, whose exit circulations
were respectively averaged-loaded, rising-loaded and falling-loaded. The RANS equations embedded with
SST turbulence model were solved by using multiple-reference-frame model to simulate flow field of the
three pumps. The pump efficiency and cavitation, total pressure and meridional velocity at the impeller
exit were compared and analyzed. The results show that the rising-loaded pump has the highest efficiency
but the worst cavitation performance, and performances of the falling-loaded pump are just on the
contrary. The three-dimensional inverse design theory with adjustable exit circulations can effectively
adjust the work abilities at different blade heights. Both the total pressure and meridional velocity at the
rising-loaded impeller exit the rapidest increasing velocity with the radius rising.

Key words: Mixed-flow pump Impeller Exit circulation Numerical simulation Cavitation



